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Abstract
Nutritional rickets continues to be a significant health problem for children worldwide with recent evidence of increasing incidence in many developed countries. It is due to vitamin D deficiency and/or inadequate dietary calcium intake with variation in the relative contributions of each of these dependant on environmental factors such a dietary intake and sunlight exposure. Key to the prevention of rickets is ensuring that pregnant women and their infants receive vitamin D supplementation with good evidence from randomised controlled trials that infants who receive 400iu daily can achieve levels of 25 hydroxyvitamin D of > 50 nmol/l. However public health implementation of daily supplementation is more challenging with a need to revisit food fortification strategies to ensure optimal vitamin D status of the population. Treatment of nutritional rickets has traditionally been with Vitamin D2 or D3, often given as a daily oral dose for several weeks until biochemical and radiological evidence of healing. However other treatment regimes with single or intermittent high doses have also proved to be effective. It is now recognised that oral calcium either as dietary intake or supplements should be routinely used in conjunction with vitamin D for treatment.
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Incidence
Despite the fact that nutritional rickets is a readily preventable condition it continues to be prevalent around the world with evidence of increasing incidence in several developed countries. There was a recognised resurgence of children presenting with rickets in the United Kingdom at the end of the twentieth century [1] . A survey of paediatricians in the West Midlands region in 2001 identified an overall incidence of 7.5 per 100,000 children under 5 years but with striking ethnic differences of 38 per 100,000 South Asian and 95 per 100,000 African-Caribbean children respectively [2] . A survey in Southern Denmark between 1995 to 2005 in children up to age 15 years showed an incidence of 2.9 per 100,000 with again much higher incidence in those of African or Middle Eastern ethnic origin [3] . A survey of X-ray confirmed cases in Minnesota children less than 3 years over the twenty year children less than 15 years [5] . In an attempt to obtain accurate contemporary data on the incidence of rickets in UK children the British Paediatric Surveillance Unit is conducting a prospective survey of all reported cases of rickets due to Vitamin D deficiency.
Aetiological Factors
Although traditionally nutritional rickets is felt to be due to Vitamin D deficiency it is increasingly clear that dietary calcium deficiency is an important factor. The relative contributions of vitamin D deficiency and inadequate dietary calcium intake vary in different parts of the world. A recent case control study of infants with rickets presenting to a tertiary centre in Northern India showed that despite similar concentrations of 25-hydroxyvitamin D the cases had a much lower dietary calcium intake of 204 mg daily in contrast to the controls with 453 mg daily [6] . The proportion of dietary calcium obtained from dairy sources was only 85mg daily in the cases with 401 mg in the controls.
Vitamin D deficiency is due to a variety of factors that may affect the synthesis, dietary intake or metabolism of Vitamin D ( see Table 1 ). Reflecting the fact that cutaneous synthesis from sunlight exposure on the skin is the main source of Vitamin D those factors that compromise sunlight exposure are often the most important. However in an individual child there are often several interacting factors eg a dark skinned infant born to a severely deficient mother in a climate with inadequate ultraviolet radiation for many months of the year.
Prevention
The prevention of nutritional rickets is potentially achievable by three mechanisms these being sunlight exposure, food fortification and vitamin D supplementation. Although many guidelines on prevention of Vitamin D deficiency recommend "safe sunlight exposure" it is often not clearly defined. Studies undertaken in healthy adults using ultraviolet radiation chambers to simulate UK summer sunlight exposure has shown that white subjects can achieve a 25-hydroxyvitamin D level of > 50 nmol/l if they spend thirty minutes three times per week in the sun [7] . However none of the South Asian subjects were able to achieve such a level and they would require a fourfold longer duration ie two hours three times per week.
It is clear that reliance on sunlight exposure would not be adequate for many ethnic groups.
Food fortification has been shown to be an effective strategy for improving Vitamin D status. A study undertaken in Indian schoolchildren who were randomised to consume 200mls of milk daily for 12 weeks that was either unfortified or contained 600 or 1000iu of Vitamin D showed that those receiving fortified milk could achieve 25-hydroxyvitamin D levels of > 50 nmol/l [8] . However food fortification of staple foods with Vitamin D varies throughout the world with this being limited to margarine, breakfast cereals and some yoghourts in the UK whilst in Canada and the USA most cows milk is fortified. Therefore many countries rely on Vitamin D supplementation of vulnerable groups to prevent rickets. Several lines of evidence have shown that to prevent rickets in infants they need to have a 25-hydroxyvitamin D concentration of > 30 nmol/l. An RCT undertaken in healthy breastfed infants in Montreal who were randomised to one of four daily Vitamin D doses showed that those receiving 400iu daily could achieve a satisfactory 25OHD concentration at 3, 6 and 12 months [9] . This dose was shown to be effective when provided free of charge to all Turkish infants up to age 12 months with the prevalence of rickets in the Erzurum region falling from 6% to 0.1% [10] . A similar strategy employed in Birmingham, UK was shown to reduce the incidence of symptomatic vitamin D deficiency in young children by 59% [11] . However it is recognised that uptake of daily vitamin D supplements can be difficult with a study from Quebec showing that despite free vitamin D supplements for all breastfed infants the annual prevalence of vitamin D exposure was only 17.9% with 50% of mothers only obtaining one bottle of the supplements [12] . Vitamin D supplementation also needs to be provided to pregnant and lactating women. Although there is considerable debate as to the amount of vitamin D required it is felt that 600iu daily is adequate to prevent maternal vitamin D deficiency.
Treatment
The treatment of nutritional rickets has usually been with ergocalciferol ( Vitamin D2) or cholecalciferol ( Vitamin D3) given on a daily basis for several weeks. Many of the existing guidelines recommend daily doses of between 1000 to 10,000iu depending on the age of the child for between 8 to 12 weeks. However there is little good evidence to support these dose regimes with a lack of randomised controlled comparison trials to demonstrate safety and efficacy. An alternative strategy is the use of high doses of vitamin D given as a single dose or split doses over several weeks which is referred to as stoss therapy. A non randomised study undertaken in Turkish children with 25OHD concentrations < 20 ng/ml (50 nmol/l )compared 2,000iu of Vitamin D3 given daily for 6 weeks with a single dose of 150,000iu orally. Higher concentrations of 25OHD were seen at 6 weeks in those who received a single dose (50.4 ng/ml, 126 nmol/l ) than those who received daily dosing (25.4 ng/ml, 63.5 nmol/l) with no episodes of hypercalcaemia or hypercalciuria [13] . Indian children with rickets were randomised to receive either 300,000 or 600,000iu vitamin D3 as a single dose. Although all subjects had radiological evidence of healing at 12 weeks hypercalcaemia was seen in 5 children, two who received the lower dose and three with the higher dose [14] . Several studies have examined the combination of oral calcium supplements in conjunction with vitamin D. A study undertaken in Northern Nigeria of children with calcium deficiency rickets showed that those who were treated with daily calcium (1000mg) either alone or in conjunction with vitamin D had a better healing response than those who only received vitamin D [15] . A similar result was seen in a study of Indian children with rickets randomised to receive a single intramuscular dose of 600,000iu of vitamin D3, oral calcium of 75mg/kg daily for twelve weeks or a combination of the two.
A higher proportion of those receiving the combination (50%) achieved a normal alkaline phosphatase and radiological healing at 12 weeks than those receiving calcium alone (11.7%) or vitamin D alone (15.7%) [16] . An international consensus meeting on Nutritional Rickets held in May 2014 has recommended that a minimum vitamin D2 or D3 dose of 2,000iu daily for a period of 12 weeks and that oral calcium 500mg daily either as dietary intake or supplements is routinely used in conjunction with vitamin D for treatment [17] ( Table 2) . 
